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OBJECTIVE:  To  investigate  the  effects  of  hemorrhagic  shock 
on  the  myocardium  and  to  determine  if  myocardial  dysfunction 
contributes  to  irreversibility  of  hemorrhagic  shock. 

APPROACH:  Guinea  pigs  are  anesthetized  and  a  thermistor 
probe  is  placed  in  the  carotid  artery,  and  polyethylene 
catheters  are  placed  in  the  other  carotid  artery  for 
measurement  of  blood  pressure  and  sampling  of  arterial  blood 
and  into  the  right  atrium  via  the  jugular  vein  for  delivery 
of  cold  saline  for  estimation  of  cardiac  output. 

When  the  instrumented  guinea  pigs  begin  gaining  weight 
(approximately  2  days  after  surgery),  animals  are  weighed 
and  50%  of  their  blood  volume  (estimated  as  6%  of  their  body 
weight)  is  removed  at  a  rate  of  1  ml/min.  Blood  pressure, 
heart  rate,  cardiac  output,  body  temperature,  and  blood 
glucose  and  lactate  are  measured  at  regular  intervals. 
Animals  are  maintained  in  shock  for  1,  2  or  3  hours  or 
animals  are  resuscitated  with  whole  blood  after  1  hour  of 
shock  and  then  myocardial  performance  is  assessed  on 
isolated  hearts.  Hearts  are  removed  after  induction  of 
anesthesia  with  pentobarbital  and  are  studied  in  the 
isovolumic  mode.  Ventricular  function  curves  are  generated 
by  changing  left  ventricular  balloon  volume  and  measuring 
left  ventricular  systolic  and  diastolic  pressure,  heart  rate 
and  coronary  flow.  Left  ventricular  response  to  increasing 
pacing  rate  from  3  beats  per  sec  to  7  per  sec  is  also 
assessed. 

ACCOMPLISHMENTS  (last  5  months) :  We  have  performed  a  study 
of  the  effects  of  different  time  periods  in  hemorrhagic 
shock  on  isolated  heart  function.  In  vivo  hemodynamics  were 
monitored  during  hemorrhage,  shock,  and  resuscitation  and 
then  intrinsic  function  of  the  heart  was  assessed.  Three 
time  periods  were  studied  -  1,  2  or  3  hours  of  shock.  In 
some  animals  shock  lasted  for  1  hour  and  then  guinea  pigs 
were  resuscitated  with  whole  blood  or  dextran  70,000  MW 
(same  volume  as  the  blood  that  was  removed) .  The  data 


collected  from  the  isolated  hearts  indicated  that 
hemorrhagic  shock  lasting  1,  2  or  3  hours  by  itself  did  not 
cause  major  dysfunction  of  the  heart.  The  only  change  in 
heart  function  that  seemed  to  occur  was  in  the  3  hour  shock 
group  in  which  the  left  ventricular  compliance  was  slightly 
depressed.  In  animals  that  had  been  resuscitated  with  whole 
blood  or  with  6%  dextran,  ventricular  performance  was 
depressed  compared  to  control  hearts  and  compared  to  hearts 
from  animals  in  hemorrhagic  shock  suggesting  that 
reperfusion  contributed  significantly  to  myocardial 
dysfunction  resulting  from  hemorrhagic  shock. 


SIGNIFICANCE:  The  impaired  ventricular  function  as  a  result 

of  resuscitation  after  1  hour  of  hemorrhagic  may  result  from 
injury  not  only  from  the  shock  state  itself  but  also  from 
the  composition  and  volume  of  the  resuscitation  fluid  as 
well  as  the  reperfusion  of  tissues  that  were  inadequately 
perfused  during  the  hemorrhagic  shock  stage, 


WORK  PLAN  (next  12  months) :  The  objectives  for  this  next 
year  will  be  to  assess  the  effects  of  different 
resuscitation  fluids  on  myocardial  performance.  Specific 
efforts  will  be  made  to  enhance  recovery  of  myocardial 
performance  by  supplementing  the  resuscitation  fluid  with 
agents  such  as  dichloroacetate  which  stimulates  myocardial 
pyruvate  dehydrogenase  and  enhances  energy  metabolism. 
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PROJECT  HIGHLIGHT  (attach  supporting  data) 

In  this  model  of  hemorrhage,  50%  of  the  estimated  blood 
volume  was  removed  at  a  rate  of  1  ml/min  and  animals  were 
followed  for  1,  2  or  3  hr  of  shock  or  after  resuscitation  with 
the  shed  blood.  The  in  vivo  data  on  the  accompanying  table 
show  the  fall  in  mean  arterial  blood  pressure,  cardiac  output 
and  hematocrit  and  the  increase  in  blood  glucose  and  lactate 
throughout  O'  ,30'  ,  and  60'  shock  or  2  or  3  hr  of  shock.  The 
30'  and  60'  R  values  represent  measurements  taken  in  animals 
resuscitated  with  blood  indicating  that  blood  pressure  recovered 
somewhat  whereas  cardiac  output  recovered  completely,  glucose 
and  lactate  remained  elevated  and  hematocrit  was  still  decreased 
1  hr  after  resuscitation.  Myocardial  performance  is  shown  in 
Table  1.  The  first  three  columns  show  the  maximum  left 
ventricular  developed  pressure  (LVDP) ,  and  the  ventricular 
volume  and  left  ventricular  end  diastolic  pressure  (LVEDP) 
required  for  that  LVDP.  LVDP  was  decreased  from  control  only  in 
the  two  resuscitated  groups.  The  next  columns  demonstrate  the 
LVDP  and  LVEDP  when  hearts  were  paced  at  210  and  420  beats  per 
min.  In  the  two  resuscitated  groups,  myocardial  function  was 
depressed  compared  to  control.  The  1  hr  and  2  hr  shock  groups 
were  not  different  from  control  suggesting  that  shock  itself 
(at  these  time  periods)  did  not  cause  myocardial  dysfunction  but 
rather  reperfusion  after  shock  caused  myocardial  dysfunction. 
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